Delta activity, i.e., waves of a frequency slower than 5 per second, is not a normal finding in the electroencephalograms of adults when they are fully awake and breathing quietly (1). This type of slow activity is found in some pathological states, but there are certain physiological factors which will cause it to appear in the record of the normal adult. The purpose of the present study was to investigate the effect of hyperventilation upon the occipital cortical potentials in a series of 45 normal subjects (29 males, 16 females), at varying blood sugar levels. The technique for the following experiments has been fully described in a previous paper (2).
jects, delta waves will appear in the third minute of hyperventilation in nearly all cases. An example of one such case (female, age 21) is shown in Figure 1 . This figure demonstrates clearly that in this subject, the brain wave pattern is a typical alpha type, stable at fasting blood sugar levels, where it is, in fact, identical with the tracing obtained at the higher level after the ingestion of glucose. Only at the artificially low blood sugar level of 50 mgm. per 100 cc. is the brain wave abnormal with trains of high voltage delta waves. All the tracings in this illustration ( Figure 1) were taken during the third minute of hyperventilation.
Great individual variation was found within the group ventilation. In some (13 per cent of this series), they could not be elicited, even by towering the blood sugar to 40 mgm. with insulin, whereas in a few (4 per cent), they were present at all levels, even after the ingestion of glucose.
The arbitrary criterion taken was the appearance of delta waves during at least 5 per cent of the third minute of hyperventilation (i.e., for at least 3 seconds). At blood sugar levels higher than 70 mgm. per 100 cc., 31 subjects (69 per cent of the total series) were found to give at least this amount of delta activity.
Of these 31 subjects, 17 (38 per cent of the total series) still gave delta waves when the blood sugar level was raised to 100 mgm.; 5 subjects (11 per cent of the total) gave this amount of delta waves when the blood sugar level was as high as 130 mgm.
The clinical importance of these findings is their demonstration of the fact that, in the interpretation of brain wave records, delta waves in the third minute of hyperventilation cannot be regarded as an abnormal finding, since they occur in 38 per cent of normal adults at non-fasting blood sugar levels (100 mgm. or over). The importance of controlling the blood sugar level has also been stressed by Davis and Wallace (3, 4) as a result of their experiments on controlled hyperventilation of normals.
If the subject is given glucose by mouth before the test, or is examined within one-half hour of a meal in order to ensure a blood sugar of over 130 mgm., the number of normals giving delta waves falls to 11 per cent, but is still appreciable.
The records were then examined to determine whether the delta activity found in the second minute of overbreathing would be a better differentiating criterion. Seventeen (38 per cent) gave delta waves in the second minute for at least 5 per cent of the time when the blood sugar was kept at or above 70 mgm. Of these 17 subjects, 3 (7 per cent of the total series) still gave this amount of delta waves in the second minute when the blood sugar was raised to above 100 mgm. No one gave delta waves in the second minute when the blood sugar was kept at or above 130 mgm.
The same criterion, that is, regarding anything less than 5 per cent delta as negligible, was used in compiling the above figures; they are therefore strictly comparable with the figures for the third minute of overbreathing, and suggest that the differentiating threshold for delta activity should be the second minute of hyperventilation at blood sugar levels of 130 mgm. or over. Delta waves appearing for 5 per cent of the time in these circumstances may be regarded as an abnormal finding.
The percentage time delta in the third minute of hyperventilation at various blood sugar levels This report has so far dealt with the number of individuals giving delta activity under certain experimental conditions. The next point to be examined is the amount of delta activity induced by the various factors, i.e., the percentage time delta.
One hundred and sixty-one observations on 45 normal subjects were made at different blood sugar levels, and the mean percentage time delta Figure 2 . It is clear from this figure that there is a negligible amount of delta activity in the second minute of hyperventilation at non-fasting blood sugar levels. Dominant frequency and tendency to delta activity on hyperventilation The dominant frequency of the majority of waves in the occipital recordings was determined in this series by the distribution curve method, described in a previous paper (1) . It was thought that possibly the slower the original rhythm, the more delta activity could be expected, but no significant difference in the amount of delta activity in the third minute of hyperventilation was found between the group with dominant frequencies slower than 10.5 and those with 10.5 cycles and faster. Table I as the percentage time delta in the third minute of hyperventilation. The figures show clearly the influence of the greater depth of breathing upon delta activity, for the percentage time delta in the third minute is greater when the mean ventilation for the 3 minutes is increased.
The effect of age on the stability of the electroencephalogram during hyperventilation A study of age relations was made in this series, although the age range was a very narrow one (17 to 38). It revealed that the breakdown into delta activity in the third minute of hyperventilation occurred more readily, i.e., at higher blood sugar levels, in the younger members of the group. Examining once again the different groups which gave delta at widely different blood sugar levels, the following mean age for each group was found: (The results are given in order of decreasing stability) 2 subjects gave no delta at any level mean age 30 Lennox and Gibbs (5, 6) to be due to increase in the carbon dioxide tension of the arterial blood reaching the brain, and not to anoxia, secondary to vasoconstriction. Berger (7) showed that slow waves can also be elicited by anoxia induced by rebreathing respired air from which the carbon dioxide has been removed; this has been confirmed by Gibbs and Davis (8) in human subjects breathing pure nitrogen, but the anoxemia has to be severe before any significant slowing takes place (Gibbs (9) ). Himwich (10) has demonstrated an inverse relationship between oxygen utilization by the brain and delta frequency.
In the present paper, a study has been made of the interplay of the two factors: the influence of decreased carbon dioxide tension of the blood produced by varying depths of ventilation, and the anoxic effect on the cortex of lowering the sugar content of the blood.
SUMMARY
(1) Delta activity in the third minute of hyperventilation is not diagnostic of abnormality, since it occurs in 38 per cent of normals at non-fasting blood sugar levels. If the blood sugar level be raised above 130 mgm., 11 per cent of normals still give delta activity in the third minute.
(2) A better differentiation is given by the second minute of hyperventilation, since only 7 per cent of normals give delta activity at nonfasting blood sugar levels, and none above 130 mgm.
(3) The percentage time delta in normals varies inversely with the blood sugar level, in both the second and third minutes of hyperventilation.
(4) The tendency of an individual to produce delta activity on hyperventilation is not related to the basic dominant frequency of his resting record.
(5) When the blood sugar level is kept constant, the deciding factor in determining the amount of delta activity induced by hyperventilation is the depth of breathing during the 3-minute period.
(6) There is some evidence that at lower age levels in the adult, the electroencephalogram is less stable to change in blood sugar and ventilation level.
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